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The buillding blocks of nature

( Z‘/me SZ‘dna/d/‘a/ Mode/ >

Elementary Particles
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ow the Z boson™ got Its mass

symmetry: not just a magazine.

Symmetries of nature tell us about interactions and particles

But, they predict all the gauge bosons are massless, like the
photon...a very different world from our’s

Spontaneous symmetry breaking,

the Higgs mechanism

*and all elementary particles
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Higgs: the man, the mechanism and the particle

I he other men
(Kibble, Guralnik, Hagen,
Englert, Brout)

The man
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Higgs: the man, the mechanism and the particle

Spontaneous symmetry breaking

_aws of nature are symmetric, our world has that symmetry
nidden. Broken symmetry
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Higgs: the man, the mechanism and the particle v

The return of the aether

The Higgs has a “vacuum expectation value™ (vev)
Coupling of other particles to the Higgs (and Iits vev)
give them mass

I he bigger the mass the bigger the coupling
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Higgs: the man, the mechanism and the particle

The Higgs boson

Sole remaining piece of
the Standard Model

Guaranteed to sece It
or something like It, at
Tevatron oF LLisi@
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VWhat do we know about the Higgs?

Couples to mass -- determines how It Is made and how to
look for It

™mp [GGV]

1000

Upper bound, theory
breaks down

IS

CDF & DO

iore

[I45%4;

LEP (CERN pre-LHC)
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VWhat do we know about the Higgs?

Couples to mass -- determines how It Is made and how to
look for it

Tevatron Run II Preliminary, <I.>=35.9 ('
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VWhat do we know about the Higgs?

Couples to mass -- determines how It Is made and how to
look for it

“amount of data’” ~0.5 x what has been collected so far

Tevatron Run II Preliminary, <I.>=35.9 ('
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Q: How do you search for the Higgs boson!?
(hint: E = mc?)

The Higgs I1s heavy, lives for
a very short time, doesn’t
exist In nature

Need to look at very small

distances
NEW AND KNOWN PARTICLES. @) |
] l
: 5 |
5 & A ' . |
,- \\'- ! & ~~ FIREBALL (ENERGY) |
“% 1, 7~ (MINI BIG-BANG)

ELECTRON 49/ TON POSITRON
(MATTER) ¥ /WS \) (ANTIMATTER)
! '/ o »
Y ' =~ &
l E=I'I'I.C2 ‘ o @
| O
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Q: How do you search for the Higgs boson!

matter constituents

FERMIONS <pin = 172, 3/2, 512, ...

force carriers

BOSONS spin=0 1,2, ..

Leptons spin =1/2 Quarks spin =1/2

Unified Electroweak spin = 1 Strong (color) spin =1
Mass 'Electric | Mass | Electric :
Flavor \ Elect
GeV/c? charge Name 2 Name ass ectric
g GeV/c* | charge GeV/c?2 | charge
lightest 5 ,
Yy ot . (0-0.13)x10-° 0 W) w 0.002 2/3 7. 0 0 g = =
@ clecton  0.000511 -1 Q) dowm 0005 -1/3 photon gluon
Yy mdde .1(0.009-0.13)x10-?, 0 &) charm 1.3 2/3 W~ 80.39 =1
L) muon 0.106 ~1 S) stange | 0.1 -1/3 W+ 80.39 +1
. Wb
Yy heaviest, | (0.04-0.14)x10-2| 0 [l (&) wop 173 2/3 e
= L 91.188 0

LE tau 1.777 ~1 &) potom 4.2 _1/u Lzﬁbson

q b q W
q higgs b higgs W—
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Searching for the Higgs boson

Higgs production Is a rare process
Worse yet, its decay products can look like mundane events

20000

Events / 2 GeV

17500

15000

12500

10000

105 120 135

m,, (GeV)
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Searching for the Higgs boson

Higgs production Is a rare process
Worse yet, its decay products can look like mundane events
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CERN and Fermilab - competitive collaboration

Ultimately LHC will have ~/x Tevatron’s energy
Alds In discovering Higgs (and other new physics)

Tevatron c

ollides pp and LHC collides pp

Iwo machines complementary in approach and capabillities

process, mult

Discovering the Higgs, and proving It Is the Higgs Is a long

iple sources of information are key

“Watching CERN discover the Higgs would be like watching

your mo

neEinslan. deive GVer ate! i

| eon Ledermam
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CERN and Fermilab - competitive collaboration

Ultimately LHC will have ~/x Tevatron’s energy
Alds In discovering Higgs (and other new physics)

Tevatron c

ollides pp and LHC collides pp

Iwo machines complementary in approach and capabillities

process, mult

Discovering the Higgs, and proving It Is the Higgs Is a long

iple sources of information are key

“Watching CERN discover the Higgs would be like watching

your mo

neEinslan. deive GVer ate! i

A eUr MeraeeEsh
Leon Lederman
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Questions!




